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o ABSTRACT

Three soil samples (A, B, and C) from the Hunter's Point Annex, Parcel E, were received at
the U.S. Environmental Protection Agency's National Air and Radiation Environmentrl
Laboratory NAREL) in July 1993 for preliminery strrdy to determine their particle-size and
radionuclide distribution,.as well as their radionuclide content. Based on conclusions and .
recommendations of this study, ten more samples (D-M) were collected in September 1993
and sent to NAREL for surdy fs sltain a beuer undsmtending of the distribution of
radium-226 in the soil and to attempt to determine to what extent soils at the site are
contaminated beyond easily identifiable radium point sources.

The following conclusions are based on the rezuIts of these sfirdies:

(1) The particle-size distributions of soil samples A, B, aDd C (Tables 3-!,3-2, and 3-3),
: ' . ' collecled in luly 1993, and D-lyl(Table 3'4),.collected.in Seprcmber.l993 are

5imil31. Approximarcly 80 to 90 percent by weight of the particles are in the sand-to-
gravel size fractions, about one-third being gravel material.

5qil semples A end C contain elevated concentrations of radium-226 (Tables 3-1 agd
3-3, reqpectively) distributed evenly among the particle-size fractions. In contrast,
sample B contains background concentrations (1 to 3 pCilg) of radium-226 once the
identifiable radium source was removed.

Fight of the ten soil samples in the second set of samptes (D-F asd I-M) conrain
background concentrations of radium-226. Sampte H, taken at an identified source
location, contains an elevated radium-226 concentration. gample G, taken's ft away
from the location of sample H, contains the highest concentration of radium-226
Cfables 3-7 to 3-1O. The activity in both samples is mostty id the smaller-sized
fractions, indicating some release qf contrminetion from a source(s) possibly by
fragmentation and/or oxidation of the source(s).

Based on the background concentrations found in eight of the ten samples coUecteO
near point soutrces, a significant volume of the Parcet E soil may contain only
background levels of radfurm-226.

a)

(3)

(4)
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(5) Overall, the limited number of samples considered in these studies suggest that a
significant volume of the Hunter's.Point Annex, Parcel E site could potentially be
remediated by a combination of selective removal of soil in the vicinity of identifiable
sources and removal of the source from the soil by particle-size separation.
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1.0 INTRODUCTION

Naval Station Treasure Island, Hunter's Point Annex, formerly the Hunter's Point Naval
Shipyard, consists of 965 acres within the Hunter's Point peninsula on San Francisco Bay
(DEA94) (Figure 1-1). After World War II, the Naval Radiological Defense kboratory
(NRDL) used the area to decontaminate and.dispose of ships that participted in nuclear
weapons tests at the Bikini Atoll. The NRDL also conducted numerous radiological shrdies
during that time. In 1991, elevated gammn activity was discovered in one landfill, parcel E,
along the southern shoreline of the peninsula (Figrue 1-2). The source of contamination was
atributed to ftrminous radium dials, metallic discs (bunons) approximately 1 to l-ltz inch in
diameter, glass beads, approximately Ll2 inch in diameter, and possibly smalt flakes of
oxidation products from the weathered discs and fine-grain glass material from crushed beads
(Figure 1-3). The total volume of contaminated soil i! estimarcd to be between 40,000 anrl
120,000 yd3, although most contamination rnay be essentially point sources within that
volume..

This sutdy was conducted by the NAREL tbrough its role as a Superfund Technical Support
Center C[SC) to determine if the Parcel E landfill is a candidate for remediatisa using soil
washing/particle-size separation techniques commonly used in the minerat processing
industry"
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2.0

2 .1

E)(PERIMENTAL

Soil Sample Collection

2.1.L Soil Samples A. B. and C

. i

Soil samples A, B, and C were collected from the Hunter's Point Annex, Parcel E, by U.S.
Environmental Protection Agency (EPA) Region 9 penonnet in luly 1993.

2.1.2 Soil Samgles D-M

Ten additional soil samples (D-M) were collected by SC&A personnel in September 1993.
The geographical location, exposurc rate at the point of collection as well as points where
samples A, B, and C had been collected previously, and general description of each location
rclative to others or to samples A;..8, ot C.were recorded. 1Xs samples werc collected from
the surface to depths of 2 ft. with a shovel and placed into a container similar to a paint can
for shipment to NAREL

2.2 Sample Preparation

In Juty 1993, NAREL received tbree 3-kg soil samples fs1 this smdy, designated saryles A"
B, and Q. Ten additional samples were received in September 1993 and desigpated saryles
D-M. The samples were initially screened for gross beta/gamma activity uslng a
Creiger/IVtuller nrbe. After initial screening, each sample was weighed, dried at 60oC,
reweighed, thoroughly mixed, and then split into homogenous 40GmL aliErots. Each aliErot
ftom the soil samples was then analyzed by gnmq" 

To*-:ro 
(see Sectiot2.6).

2.3 he-Sieving Sanlltle Treatment .. '

2.3.t Soaking

' . "
Beforc sieving, each 40GmL aliquot of soil samples A, B, and C was soaked in water for 12
hr. The samples were soaked for the prcliminary sudy instead of vigorously washed (tbe
t5pical pre-sieving treamen$ in an auempt to minimize fragmentation of a source orparts of
a source.
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2.6 Gamma Spectrometry

Aliquots of whole soil, particle-size fractions, and wash water were analyzed for gamma
emitting radionuclides by counting for 1000 min sa high-purity germanium detectors
(EFA8Oa).

"1
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o 3.0

3 .1

RESI,LTS

Soil Samples A, B, and C

The preliminery rezults from the sievrng sudy of three soil samples (designated A, B, and c)
from Htrnter's Point Annex, Parcel E, werc prcsented in a memorandum to NAREL in
August 1993" Each sample was prepared for wet sieving by soaking in water for 12 hr,
instead of vigorous washing, to prevent fragmeaation of radium-226 sources. The samples
were then wet sieved using a nest of nine sieves (1 in, tA b,8 mesh, 16 mesh, 30 mesh, 60
mesh, 100 mesh, 200 mesh, and 4fi) mesh) aDd analyzed by gamma spectromegy to
determine their radium-226 concentration. The results of these tests are presented in
Appendix A in Tables 3-1,3-2, and 3-3 for samples A, B, and C, respectively. The
radionuclide content for combined fractions of samples A, B, and C was calculated fron data
in Tables 3-1, 3'2, and 3-3, respectively, and summarized in Table 3-5. The data are
presented gr.aphically in Figure'3'L,3i2, ad 3-3. Tbe water from wetsieving the three soil..
samples contained less than ftg minimum detectable concentrations (MDCs) of radium-226.
TIre MDcs were 98, 83, afr,97 pcw for water from soil samples A, B; end c, :- :.-:
respectively, which are below the acceptable limits for releasc into tbe sanitary sewer. -"f:

. ,  
- = '

3.2 Soil Samples D-M ..;:i

After reviewing the resutts obained from samples A, B, and C, ten additional samples werc
collected, as described in Section 2.1.2, in an auempt to obain a befter undentand.ing of the
general distribution of radium-226 in the soil of the Parcel E area and to dercrmine if a
source or source fragment could be identified in the larger soil fractions (> 16 mesh,
1.19 mm).

3-2.1 Particle-Size Disnibution

Each soil sample was vigorousty washed and wet sieved using a nest of seven sieves (14 in, g
mesh, 16 mesh, 30 mesh, 60 mesh, 100 mesb, ad 200 mesh). The particle-size.distribution
results are prcsented in Table 3a in Appendix A.
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SOIL SAMPLE C
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o 3.2.2 Radionuclide Distribution

Based on previous findings at the site, the radioactivity was expected to be due to the
presence of sources (buttons) soqtaining radium-226 or source fragments larger than 6ss1
soil panicles () 16 mesh, 1.19 mm). Therefore, the particle-size fractions from wet sieving
were combined into. three major fractions to minimize the.expenditure for their detection by
radioanalysis: a *16mesh fraction, produced by combining the + y1-it, -%-in/+8, and
-8/*lGmesh fractions; a -16l+ZC0lmesh fraction, produced from the -16/+30, -30/+60, -
60/+100, and -100/+20Gmesh fractions, and a -20Gmesh fiaction. The particle-size
distributions of the combined fractions are reported in Tables 3-7 tbrough 3-16 in Appendix
A. These combined f;ractions were analyzed by gamme spectrometry. Each whole soil
aliquot and the combined fractions contain lgss then I pCilg radium-228. The radigm-226
concentrations of the whole soil aliquots and each combined particle-size fraction are
presented in Tables 3-7 through 3-16 and sunmarized in Tabte 3{ (Appendix A). The wash

. 'water from the vigorous wash and wet-sieving procedures contained tsss rhen the MDCs of
raditm,-226 and radium-228. Thc MDCs ranged from 64 to 100 p3ilLof radium-226 and
from 15 to 19 pCi/L of radium-228, which arc below the acceptable limits for release into
the sanitary sewer.

t2

efellars
o

efellars



4 .1

4.0 DISCUSSION

Soil Samples A, B, and C

4.1.2 Particle-Size Distribution

Soil sampls A, B, and C were soaked for 12 hr, rather than vigorously washed, before wet
sieving to minimize the possibility of fragmenfation of larger source particles. The data from
the tbree samples (Tables 3-t, 3-2, and 3-3) reveal that their particle-size distributions are
similxl. Approximately 80 to 90 lnrcent by weight of the soil is in the sand or gravel size-
fractions, with about one-third being gravel. Sample B is an outlier in the tbree samples with
ap'proximately 50 percent more +rA-inparticles then githsl A or C. Sample C contains half
as much -20Gmesh particles but more material in the -8/*6Gmesh fractions then d and B.
Vigorous lpa5hing before wet sieving would generate more fines, but the particle-size
distribution probably would not shift to a dramatically larger quantity of fines. Wet sieving
ifter vigorously washing soil samples, as performed on samples D-M, rcveals more about the
suitability of these soils for a potential remediation effort.

4.1.3 Radionuclide Distribution

Ganma analysis of each of three aliErots of soil samples A, B, ad C (Tables 3-!,32., end

3-3) and for the combined fractions (fable 3-5) indicates that soil sample A consiss of two
diEro$ with very similar radfum-226 concentrations, 242 afi 232 pCdg, and a third aliErot
with 481 pCi/g; the average of the tbree aliquots is, however, 318 pCilg (Table 3-1). These
results suggesa that soil sample A is not homogeneous. The apparent inhomogeneity, can be
explained by the exceptionally high activity of the -2.00/+1.19-mm size fraction with a
radftm-226 concentration of 1160 pci/g" Subsequent examination sf this fraction revealed a
single particle, between I ad 2 mm in diameter, with very higb activity as indicated by a
band-held survey meter. The weighted avenage of the radium-226 concentration of the
remaining fractions, excluding the -2"00/+1.19-mm fraction, is 287 pCi/g, similar to that of
&e otber two aliquots and more in line with the average of the aliquots of soil C.. Soil
sample C consists of three aliErots with similar radium-226 concemations, 179, 190, atd
?.?A pcilg, with an average of 199 pCi/g. These rezults indicate that soil sample C is
homogenous. Soil sample B presents a significanr conEast; the first and third aliquots
contain a radium-226 concentration of approximately I pCilg while the second aliErot

13
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o contains 2350 pCt/g. It was found that the second aliErot contained an identifiable
radium-226 souroe, a single fragment of a radium button (see Table 3-2). After the source
fragment was removed, the radium-226 cnnentration of the atiErot was also about I pCi/g.
This finding indicates tbat vfufirally all the activity in soil sample B was concentrated in the
radium source, and once removed, fts lsmaining soil had an aaivity tbat is considered to be
background level (1 to 3 pCi/g radium-226).. Also, after the sour@ was removed, the results
indicate homogeneity for soil sample B. The radionuclide distribution of the particle-size
fractions of soil samples A, B, and C are very similar to each other (fable 3-1,3-2,3-3 and
Figure 3-1,3'2,3-3). Radium-226 is distributed relatively evenly among the fractions with
the exception of the lower concentration of the two larger sized fraaions (*l-in and
'U+A'il') and the higher concentration in the fine fraction (40Gmesh). The notable
difference between the tbree soil semples is the very low radium-226 concentrations in the
whole soils and particle-size fractions of soil sample B once the source was rcmoved.

If sample B is representative of the site, the site would be relatively easy to remediate by
removing the highly radioactive source particles, as was done in one aliqgot bcfore sieving.
In connast, with the even distribution and higher concentration of radium-226 found in the
fractions of soil samples A and C, vigorous washing and wet sieving alone would not be a
recommended remediation method. Should these soil samples be reprcsentative of the
Parcel E site, additional physical and chemical characterization, such as density tests and/or
chemical extraction shrdies, would be required to identify an alternate property of the soil
particles or tbeir csofiaminad to exploit for remediation.

The result from the pelininary examination of soil samples A, B, agd C from Hunter's
Point Annex, Parcel E indicated the presence of only two tlpes of contaminated soils: one
that contains a radium-226 source or soruce fragment (a bunon) larger then tS mesh (1.19
mm) and another soil with high concentrations of radium-226, approximatety evenly
distributed' among the particte-size fractions. Thesc tbree samples wete tqken at locations
known to comin large sources and were noi LbiliAereO sufficiec to rcrreal thc acorat
radiouuclide charactcristics of the site, espocially with the suspected history of contaminetion
by single, larger sized sources (> 1.19 mrtr) @EAg4). No com,lusion can be drawn from
these data regarding the exisrcnce and disuibution of radium-22li away from the
site of identified sources.
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Since eight of the ten samples were collected away from a source and contain only
background concenmtions of radium-226r they may represent a siguificant area of the site
with only background levels of radium-226. However, regions around a souroe, even after
the source is mechanically removed, may contain elevated concentrations of radium-226, as
indicated by the radium concentrations in samples G and H.
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Since eight of the ten sanples that were collected away from a source contain background
concentrations of radium-226, they may r€prcsent a significant volume of the soil at rhe

Parcel E sirc with only background levels of radinm-226. Remediation of the site might be
accomplished, therefore, by selective removal of soil in the vicinity of identifiable sources.

Overall, the limited number of samples considered in these shrdies suggest that a significant
volume of the Hunter's Point Annex, Parcel E site could potentia[y be remediated by a
combination of selective removal of soil in the vicinity of identifiable sources rnd removal of
the source from the soil by particle-size separation.
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o ,
TABLE 2.1 DESCRIPTION OF SOIL SAMPLES COLLECTED AT PARCEL E

il.,

Soil Sample(l) Geographical lncation Exposure Rate at Incation
fuR/hr)e)

Description

A 37" 43.236'N
122" 22.468' W

8 Source A

B 37" 43.249', N
t22', 27.430' W

7 Source B

c 37 '43 .193 'N
122" 22.414'W

8 Source C

D 370 43.259' N
t22" 22.497' W

8 5 ft west of where Sample C had been
collected

E 37'43.235 '  N
122" 22.532' W

6 Vicinity of multiple identifiable sources - 8
to 10 ft removed from any source

F 370 43.235',N
122'22.486' W

5 Vicinity of multiple identifiable sources - 8
to 10 ft removed from any source

G 370 43.290' N
122'22.409' W

20 5 to 6 ft removed from Source H location

H 37" 43.241',N
122" 22.517' W

45 Source H

I 370 43.290'N
122'22.477' W

7 3 ft west of where Sample C had been
collected

J . 37o 41.216' ry
122'22.499' W

5 3 ft from where Sample A had been
collected

K 37" 43.2#',N
t22" 22.485', W

6 5 ft from where Sample A had been
collected

efellars
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Soil Sample0) Geographiial Incation Expozure Rate at Location
0rRfnr)(zl

Description

L
, 1  i '  ' gz " i r . i +e 'N

122" 22.479' W
10 Tlell removed from any identifiable source

M 37' 43.257',N
122" 22.498', W

I Well removed from any identifiable source

TABLE 2-l (continued)

I

(ll Soil sampteq 4, 8; a,$ p were collected luly 1991; samples Q-M yere collected September 1993.

@ Expozure rates af all locations were measured during the second collection visit (Septemter 1993) after soil samples A,
B, and C had been collected in Iuly 1993.

P
t,

o
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o TABI.E 3.1 PARTICIT-SIZE AND RADIONUCLIDE DISTRIBUTION OF SOIL
SAMPLE A

(1) Average radium-226 concentration of the three whole-soil aliErots

C2) *,2-sigma cormting error

(3) sum of weight percent column for the particle-size fractions

(4) Percent recovery of soil after sieving

Size
(--)

Weight Percent Cbmulative
Weight Percent

Pa-226
(pCi/gdry)

Cbmulative
Pa-226

(pCi/gtry)

Whole 100.00 100.00 242
Whole 100.00 100.00 481

IVhole 100.00 100.00 w
319(t)

+25.4 4.4 4,4 9.8 * 1.5@) 9.8
-25.4t+6"35 15.35 19.78 68.8 * 1.6 55.6
4.35t+2.W t3.34 '33.13

n6 *-3- 79.9
-2.W1+t.t9 10.45 43.s8 llfiu- *. ?6 338.9
-1.19/+0.50 8.78 52.3s 409 f6 350.7
4.50/+0.25 12.56 &.92 3 8 4 * 0 357.1
-0.25l+0.15 6.37 71.28 32r *6 353.9
{.15/+0.074 6.67 -77 .96 356 t-5 354.1
-0.074/+0.038 5.47 83.43 3 9 5 t 8 356.8

4.038 16.57 100.00 4 8 6 * 8 378.2
100.00€)

: 99.54(a)

A-4
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TABLE 3-2 PARTICLE-SIZE AND RADIONUCLIDE DISTRIBUTION OF SOIL
SAIvIPLE B

(l) Average radium-226 concentration of the two whole-soil aliqrrots; 2350 pCi/g aliErot
was not used since this high activity was the rcsult of a source,fragmed and was
removed before sievr4g. Note: radftm-226 concentration of the fractions arc the
result of sieving all tbrce diquots after the source was removed from thc secod
diqtrot.

(2) t:2-sigma counting error '

(3) Sum of weigbt percent column for the particle-size fractions

(4) Percent recovery of soil after sieviqg

Size
(--)

Weight Percent C\rmulative
Weight Percent

Pa-226
(pCi/g<ry)

C\rmulative
Ra-226

GCi/eary)
Whole 100.00 100.00 1.15
Whole 100.00 100.00 2350
Whole 100.00 100.00 0.83

9.99(t)

+25.4 9.93 9.93 <0.486 <0.486
-25.4t+6.35 ?2.51 32.M 1.10 * .51@) 0.76
4.351+2.W 11.94 M.38 l.l7 * 0.46 0.87
-2.00/+r.19 9.03 53.41 0.61 * 0.49 0.82
-1.19/+0.50 6.72 60.13 1.15 t 0.59 0.86
4.50/+0.25 10.04 70.r7 1.19 t 0.57 0.91
-0.25l+0.15 4.93 75.10 1.87 * 1.06 o.n
4.15/+0.074 5.36 80.46 2.38 * 0.88 t.u
4.074/+0.038 5.38 85.84 1.85 t 0.90 t . t2

4.038 14.16 100.00 3:K t 0.77 L:45
100.00€)

99.19(+)

A-5
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TABLE 3.3 PARTICLE-SIZE AND RADIONUCLIDE DISTRIBUTION OF SOIL
SAIUPLE C

(1) Average radium-226 concentration of the tbree whole-soil aliquots

(2, *.2-sigma cormting error

(3) Sum of weight percent column for the particle-size fractions

(4) Percent recovery of soil after sieving

e

Size
(mn)

\Meight Percent Cbmulative
Weigbt Percent

Pa-226
(pCi/e{ry)

Cumulative
Pa-226

(pCi/g{ry)

Whole 100.00 100.00 179

Whole 100.00 100.00 190

Whole 100.00 100.00 u
19(t)

+25.4 4.08 4.08 2.t7 *.0.91@) 2.t7
-8.41+6.35 19.03 23.10 95.6 * 2.5 79.r
4.35t+2.W 10.70 33.81 239 ts 130
-2.00/+1.19 L2.20 46.01 47t t6 ?2n
-1.19/+0.50 10.72 56.72 1 8 6 r 3 2t4

4.50/+0.25 18.82 75.54 1 5 3 + 4 199

4.25t +0.15 7.22 82.76 213 *.4 2W
4.15/+0.074 6.30 89.06 3 t 2 t 5 208

4.Ur4l+0.038 5.18 94.25 394 *,9 2t8
4.038 5.7s 100.00 & 2 t r r 242

100.00G)

99.78(1.>
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TABLE 3-4 PARTICLE-SIZE DISTRIBUTION OF SOIL SAMPLES D-M

Weight Percent

(2) Pcrccnt rooovery ofsoil aftcr sieving

Size
(nn)

Weight Perceirt

D E F G H I J K L M

+6.35 25.80 2t.03 25.1I 14.16 18.13 2349 2328 34.00 24.06 0.t0

4.351+2.00 822 8.79 27.79 t2.61 12.15 9.19 922 8.40 5-80 0.t6

-2.00/+1.19 6.06 7.60 13.08 12.68 l02l E.48 8.10 l l .4 l 9.94 3.19

-1.19/r{50 10.15 6.95 6.92 1029 8.71 7.74 9.05 5.t4 t2.65 3.06

4.504{25 1353 t4.36 7.74 t230 l 1 3 t t2.89 t225 6.95 15.45 2.t l

{:5/+0.15 7.14 7.73 331 6.4 62s 7. l l 617 397. 6.t6 0.73

4.15/+0.074 735 734 3.05 736 7.45 754 7.40 5.62 6.96 l.4l

4.074 21.77 26.21 13.00 24.17 25.79 23.56 23.y2 23.83 1828 87.83

100.00(l) 100.01 100.00 100.00 100.00 100.00 99.99 100.02 100.00 9997

l00.l6e) 99.E4 99.47 99.51 97.t2 t00.03 r0229 100.9t 9t35 9923

(l) Sum of weight p*.ot column for tn" particlesize fractions

A-7
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o TABLE 3-5 RADIUM.226 ACTNITY IN WHOLE SOIL AND COMBINED FRACTIONS
oF soIL SAMPLES A, B, AND C

(l) Radium-226 activity is the average of three ufrole-soil aliquots.
,,t\\" Radium-226 activities of combined fractions for samples A, B, and C are the weighted

average of activities of individual fractions pr,esented in Tables 3-1, 3-2, and 3-3,
respectively.

. ' -

TABI.E 3{ RADIUM.226 ACTTVITY IN WHOLE SOIL A}ID COMBINED FRACTIONS
OF SOIL SAI\,IPLES D-M

(l) Radium-226 activity is the average of three u/hole-soil aliquots.

(2) Radium-226 activities of combined fractions for samples D-M are measured values
prcsented in Tables 3-7 through 3-16, reqpectively.

Size
(--)

R^-226
(pCi/g{ry)

A B c
Whole0) 318 0.99 r99

+l.l9e) 339 0.82 224
-t.19/+0.074 373 1.54 195
-0.074 403 3.02 524

Sizc
(nn)

R&'226
(pcvedry)

D E F G H I J K L M

Whole0) 1.40 1.43 t2l 6390 17.t0 l.t6 095 0:75 154 026

+l.l9e) 1.06 0.08 023 1230 7.14 r.49 05t 0.65 r.t7 054
-t.tgh{..074 1.09 r2s. 1.03 79.40 14.10 rs7 0.94 0.59 r28 055
-0.074 22t 2.0s 520 2t7.W 48.70 337 257 l.4t 3.62 0.4r

A-8
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TABLE 3-7 RADIONUCLIDE AhID PARTICLE-SIZE DISTRIBUTION OF WHOLE
SOIL AND COMBINED FRACTIONS oF SOIL SAIiIPLE D

Size
(mm)

Weigbt Percent R^-226
(pCi/edry)

Whole 100.00 l.5t r 0.29(l)

Whole 100.00 l.6l r 0.25

Whole 100.00 1.09 r 0.21

1.46(z) + 025

+1.19 40.52 1.06 * 0.20
-t.t9l+{.074 38.55 1.09 r 0.20

-0.074 20.94 228 * 0.36

166.61(3)

(l)

(2'

(3)

t 2-sigma counting error

Average radium-226 concentration of the three whole-soil aliquots

Sum of weight percent column for the particle-size fragtions

A-9
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TABLE 3.8 RADIONUCLIDE A}ID PARTICLE-STZE DISTRIBUTION OF WHOLE
SOIL AI{D COMBINED FRACTIONS oF soIL SAIvIPLE E

( l )

a)
(3)

t 2-sigma counting error

Average radhm-226 concentration of the tbree whore-soil aliquots

S"m of weight perceni cotumn fcir the particle-size fractions 
'-

Size
(--)

Weight Percent Pa-226
(pci/edry)

'Whole
100.00 1.59 r 9.26(t)

Whole 100.00 1.49 r 0.18
Whole 100.00 1.20 r 0.13

1.qQ) r o.tz

+1.19 37.4r 0.08 * 0.22
-t.t9t+{.074 36.2t 1.25 r 0.30

-0.074 * 26.38 2.0s * 0.28
. 100.00(3)

A.t0
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- TABLE 3-9 RADIONUCLIDE AND PARTICLE-SIZE DISTRIBUTION OF WHOLE
SOIL A}ID COMBINED FRACTIONS OF SOIL SAMPLE F

Size
(mm)

Weight Percent R^A26
(pCi/g{ry)

Whole r00.00 t.47 t9.29(t)

Whole 100.00 t.24 t.0.33

Whole 100.00 0.93 t 0.14

1.21Q) t a.22

+1.19 66.06 023 r 0.08
-1.19h{..074 21.04 1.03 * 0.24

-0.074 12.90 5.20 r 0.43
'1g9.gg(3)

(l) f-2-sigma counting error

8) Average radium-226 concentration of the three whole-soil aliquots

(3) Sum of weight percent column for the particle-size fractions

A-11
o
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o TABLE 3-IO RADIONUCLIDE A}.ID PARTICLE.STZE DISTRIBUTION OF WHOLE
SOIL A}.ID COMBINED FRACTIONS OF SOIL SAMPLE G

* 2-sigma counting error

Average radium-226 concentration of the uftole-soil aliquots'

sum of weight percent coltrmn for the particle-size fractioDs

Size
(--)

Weight Percent Ra-226
(pCi/gdry)

31.90 t 0.20(r)

63.90e) r.1.06

12.80 r 0.51

79.40 + t.l6

287.00 r 1.95

A-tz
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- TABLE 3-I I RADIONUCLIDE AND PARTICLE.SIZE DISTRIBIJTON OF WHOLE
SOIL A}ID COMBINED FRACTIONS OF SOIL SAI\dPLE H

Size
(mm)

Weight Percent Pa-226
GCi/edry)

Whole 100.00 lg.g0 t 0.62(r)

Whole 100.00 16.80 r 0.48

17:80(2) + 0.55

+1.19 40.58 7.t4 to.34
-l.l9l+0.074 33.77 14.10 t 0.49

-0.074 25.65 48.70 r 0.93

100.00€)

(r) t 2-sigma counting enor

(2) Average radium-226 concenration of the ufiole-soil aliquots

(3) Sum of weight percent column for the particle-size fractions

A-13
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o TABLE 3.I2 RADIONUCLIDE A}ID PARTICLE-STZE DISTRIBUTION OF WHOLE
SOIL AI{D COMBINED FRACTIONS OF SOIL SAIvIPLE I

(r) * 2-sigma counting error

(2) Average radium-226 concentration of the whole-soil aliquots

o) Srr' of weight perccnt col'mn for the particle-size fractions

Size
(rnm)

Weight Percent Pa-226
(pCi/gdry)

Whole 100.00 2.01 t 0.lg(r)

Whole r00.00 l.7a t 0.29

1.86e) x0.24

+l. lg 4r.22 1.49 x a.23
-l.l9l+o.074 35.36 1.57 x 0.25

-0.074 23.42 3.37 t 0.37

100.00(3)

A-14
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- TABLE 3.I3 RADIONUCLIDE AI.{D PARTICLE.SIZE DISTRIBUTION OF WHOLE
SOIL AI{D COMBINED FRACTIONS OF SOIL SAI{PLE J

Size
(mn)

Weight Percent Rz-226
(pCi/edry)

Whole 100.00 1.06 t 0.21(t)

Whole 100.00 0.84 r 0.17

0.950 r 0.19

+1.19 40.& 0.58 r 0.23

-t.t9h4.074 35.46 0.94 x 0.22

-0.074 23.91 2.57 * 0.33

100.00(3)

(l) * 2-sigma counting eror

CI Average radium-226 concentration of the whole-soil aliquots

(3) $rrm ef weight percent column for the particle-size fractions

A-15
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TABLE 3.I4 RADIONUCLIDE A}.ID PARTICLE-STZE DISTRIBUTION OF WHOLE
SOIL A}ID COMBINED FRACTIONS OF SOIL SAMPLE K

(l) t 2-sigma counting error

c2) Average radi'm-226 concentration of the whole-soil aliquots

(3) Srrm of weight percent column fcir the particle-size fractions

Size
(mm)

Weight Percent Ra-226
GCi/e{ry)

Whole 100.00 0.74 x 0.18(r)

Whole 100.00 0.76 r 0.17

0.75e) r 0.18

+l . tg 53.70 0.65 * 0.15
-1.19/+{.074 22.58 0.69.* 0.26

-0.074 23.72 1.48 r 0.26

100.00(3)

A:16
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- TABLE 3.I5 RADIONUCLIDE AhID PARTICLE-SIZE DISTRIBUTION OF WHOLE
SOIL A}ID COMBINED FRACTIONS OF SOIL SAMPLE L

Size
(mm)

Weight Percent R^-226
(pCi/edry)

Whole 100.00 1.49 + 0.19(t)

Whole 100.00 1.59 r 0.17

1.54(2) t 0.lg

+1.19 40.59 t.t7 t 0.24
-1.1911{.074 41.41 1.28 r 0.15

-0.074 18.00 3.62 r 0.33

100.00(3)

(r) t 2-sigma counting error

c2) Average radium-226 concentration of the whole-soil aliquots

(3) Srrrn of weight percent column for the particle-size fractions

A-17
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TABLE 3.16 RADIONUCLIDE A}ID PARTICLE-STZE DISTRIBUTION OF WHOLE
SOIL A}ID COMBINED FRACTIONS OF SOIL SAMPLE M

t 2-sigma counting error

Average radium-226 concentration of the ufrole-soil aliquots

stm of weight percent column for the particle-size fractions

Size
(--)

Weight Percent Pa-226
Gci/e-dry)

0.19 t  0.11(t)

0.2&, * o.t4

0.54 r 0.58
-1.19/-$.074 0.55 r 0.22

0.41 r 0.15

A-18
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